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® Non*lmpact dot matrix printer. 

@ This Invention relates to a non^mpact dot matrix printer 
for printing on a record medium (20) movable past a print head 
(14) by means of light energy carried from a light source means 
(12) by guide means (16) to the print head (14). The light 
source means (12) may t>e a plurality of laser diodes from 
which the light energy is transmitted to the print head (14) 
through optic fibers (16). 

In operation, a themnal lnl< bearing ribbon (18) is disposed 
between the print head (14) and the record medium (20) with 
which It Is maintained In contact and the Ink bearing ribbon is 
locally heated by the transmitted light energy to effect transfer 
of Ink on to the record medium (20). 

This printer has the capability of printing magnetic, flu- 
orescent or ordinary ink on any kind of record material. Includ- 
ing plain paper. 
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:XN-DKCT DOT MATRIX PRTNTER" 



Technical Field 

This invention relates to a non-lirpact dot natrix printer. 

Background Art 

In the field of non-iirpact printing, the most ccnrnon types of 
5 printers have been the thermal printer and the ink jet printer, 

the performance of a non-iitpact printer is conpared with that of an inpact 
printer, one of the problems in tiie non-impact machine has been the 
control of the printing operation. As is well-known, the impact oper- 
ation depeiKis on the movement of iupact members such as wires or the 
10 like and which are typically moved by means of an electrcnechaniccd 
systen which is believed to enable a more precise control of the 

< 

in5>act members • 

The advent of non-irrpact printing, as in the case of thermal 
printing, brought out the fact that the heating cycle must be controlled 

15 in a manner to obtain maximum repeated operations. Likewise, the 
control of ink jet printing in at least one form thereof must deal 
with rapid starting and stopping movement of the ink fluid from a 
supply of the flxiid. In each case of non-inpact printing, the precise 
control of the thermal elements and of the ink droplets is necessary 

20 to- provide for both correct and high-speed printing. 

In both thermal and ink jet printing, the print head may be of 
a multiple-elemsnt or nozzle ^pe with the elements or nozzles aligned 
in a vertical line and supported on a print head carriage which is 
caused to be moved or driven in a horizontal direction for printing 

25 in line manner. Alternatively, the printer structure may include a 
plurality of equally-spaced, horizontally aligned, single element or 
nozzle print heads vMch are caused to be moved in back-and-forth 
manner to print successive lines of dots in making up the lines of 
characters. 

30 .While ink jet printing and thermal printing have been connonly 

used in i the non-iirpact field, it is seen that alternatives may include 
other energy means for effecting printing on record media. 
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Thus, the U.S. Patent NO. 3832488 discloses a non-ijipact 
printer v*iich uses light-emitting diodes and flexible optic light 
giiides to generate imges to be printed on light-sensitive f ilra. 
The film is moved continuously In one direction past the Image of 
light and a conplete line of characters Is printed on the film 
in linear segments in a light scan mode by selective energization 
of the diodes. 

t^ile the above printer with its imaging lens system is capable 
of printing on light-sensitive materials, it hais no provisions for 
printing on non-saisitized record material, such as plain paper. 

Disclosure of Invention 

It is an object of the present invention to provide a non-iirpact 
dot matrix printer which uses pulsed light energy to print on any 
kind of record material, including plain paper. 

Thus, according to the invention, there is provided a non- 
iirpact dot matrix printer for printing on a record medium mavable 
past a print head, including light source means, and guide means 
connected with said light source means and said print head for carry- 
ing light energy to said print head, characterized hy thermal ink 
hearing means positioned, in qperation, between said print head and 
said record medixna and maintained in contact with said record rrediur., 
.. ?^ ^<3ht energy being effective to produce local heating of said 
ink bearing means and transfer of ink therefrom on to said record 
medium. 

The preferred erribodiment of the invention relates to a non- 
iinpact matrix printer which utilizes light energy that is trans- 
mitted from a plurality of laser diodes through a fiber pptic array 
to a thannal-sensitive ribbon to form dot matrix characters on paper 
or like record media maintained in close contact with the ribbon and 
the print head. The diode laser converts electrical input energy 
directly into optical output energy and heat is generated to transfer 
ink from the ribbon onto the paper. The printing or encoding system 
has the capability of printing magnetic, fluorescent, or ordinary 
Ink on plain paper fcy using high power laser diodes and carrying the 
energy through fiber optic directing or coupling cables to the 
thermal-sensitive ribbon for transferring the ink. In this manner, 
the heat energy raises the tenperature of localized areas of the 
ribbon to transfer and fuse the ink onto the receiving paper. 
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The heat energy is directed bo the thermal-sensitive 
ribbon by coupling radiant infra-red light energy from the array 
of laser diodes through a fiber optic bundle. The configuration 
of laser diodes and associated optic fibers may be arranged for 
5 printing in serial character rnaruier, for printing in serial bar 

nonner, or for printing in dot line itanner. 

Brief Description of the Drawings 

* 

z^nbodiments of the invention will now be described^ by 
way of exanple, with reference to the accaTq;>anying drawings in 
10 vdiich: 

Fig, 1 is a block diagram and partial sectional view 
of a non-lirpact dot matrix printer in accordance with the present 
invention; 

Fig. 2 is a detailed view of a laser diode and optical 
15 fiber coupling; 

Fig. 3 is a printing station configuration for printing 
in serial character manner; 

Fig. 4 is a printing station configuration for printing in 
serial bar manner; 

20 Fig. 5 is a printing station configuration for printing in 

dot line manner; 

- ' Fig. 6 is a block diagram of a preferred print head control 

and synchronization arrangement; and 

Fig. 7 is a preferred circuit arrangement for driving the 
25 laser diode. 

Best iMode of Carrying out the Invention 

Referring new to the dra^^ing. Fig. 1 shows in diagranmatic 
form, a printer incorporating print head control and synchronization 
circuitry 10 for a plurality of energy-emitting elements in the 
30 form of laser diodes 12 which direct radiation to a print head 

14 through a plurality of fiber optic passageways or conduits 16. 
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The print head 14 Is supported in a position adjacent a printing 
station \^erein an ink-carrying manber in the form of a thermal- 
sensitive ribbon 18 and record media in the form of paper 20 are 
caused to be advanced or noved past the station by welHoiown ireans. 
Suitable transport or drive rollers 24 and 26 move the ribbon 18 
and the paper 20 past the station with the ribbon unwinding frcm a 
supply reel 28 and winding on a take-up reel 30. The ribbon is 
maintained in a path beyond the printing station by a guide roller 32 
and the paper or other docurnent 20 is maintained in a plane by 
roll^s 34 and 36. 

A pressure platen 40 is urged by a spring 42 froa a fixed 
member 44 In a direction toward the printing station so as to maintain 
close contact between the print head 14, the ribbon 18 and the 
paper 20. The ribbon 18 is in continuous contact with the face of 
the print head 14 and the paper 20 is in continuous contact with 
the platen 40 as the ribbon and paper are caused to be driven past 
the printing station. In this manner, the ribbon 18 and the p^5er 20 
are moved together in their travel past the station, the effect 
being that there is no relative movement between these elements 
during operation. 

The pressure platen 40 enables the maintaining of close 
^.plHpical contact betweai the donor ribbc»i 18 and the receiving paper 20. 
Mien the thermal-sensitive ribbon 18 is heated by the directed laser 
diode beam, the primary heat sensitive carpound in the ribbon begins 
to melt within the diameter of the beam of energy, and it is 
possible to capture on the receiving ipaper the melted pool of ink 
granules by reason of the close contact between the ribbon 18 and 
the ipapec 20. 

The laser diode 12, which may also be called a diode laser, 
is defined as a pn junction semiconductor electron device which converts 
direct forward bias electrical input directly into coherent optical 
output by means of a process of stimulated onission in the region 
near the junction. The heat energy is directed by coupling the 
radiant infrared light energy from the laser diodes 12 through the 
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fiber optic bjxidle to the thernal sensitive ink ribbon 18. 
The infrared energy pertains to or designates those radiations 
v;ith wavelengths just beyond the red end of the visible spectruci 
vtfhich wavelengths are longer than those of visible light and 
shorter than those of radio waves. 

HhB laser diodes iised in the present invention are noted 
as being high power diodes with emissions in the near infrared 
range and are conmercially available in the ID series or the lA 
series with output power as high as 1 ,000 watts at 940 nanometers 
and 840 nanometers, respectively, as manufactured by Laser Diode 
Laboratories of Metuchen, New Jersey. 

The print head 14 Incliades a face plate or like member for 
positioning one end of a single optic fiber or a plurality of 
optic fibers or conduits 16 in a vertical oolum arrangement. 

(iThen it is desired to print a dot with laser diode 12 
designated LDl , the print head control and synchronization 
electronics selects the laser diode LDl and effects a short intense 
burst of infrared radiation. The radiated light energy is coupled 
through the fiber optic 16 directly connected with LDl and is 
carried to the face of the plate which positions the ends of the 
optic fibers in close proximity with the ribbon 18. The output 
radiant energy from the LDl fiber optic strand is absorbed in the 
'^thermal-sensitive ribbon 18 and thereby causes ink to be transferred 
to and fused in the paper 20. 

The method and mechanism for transfer of ink is based on the 
thermo-^astb-plastic relationship i^Aiereigpon illumination by the 
intense infrared pulse effects an expansion of the area encccipassed by 
the LD1 fiber optic light beam as a result of thermo-elastic stress 

having a positive surface curvature. IVhen the energy and 
the tenperature is raised to a point where the priinary heat-sensitive 
con^sound in the ribbon 18 begins to melt, a pool of ink situated 
within the light beam diameter is caused to be transferred onto 
the receiving media or paper 20. 

Fig. 2 illustrates the details of a laser diode 12 and the 
connection with an optical fiber 16 which includes an alignment 
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cap 50 '4iich is fitted in sealing manner with the diode and with 
a protective tubing 54 over the fiber. 

Figs .3,4 and 5 show different configurations for serial 
character, bar code and dot line printing respectively. Fig, 3 
is a front viei^ of a printing plate in the form of a 7 X 9 matrix 60 
for printing characters in serial nanner vAierein the character is 
formed by selection of the laser diodes 1 2 activated in the desired 
mode by the print head control and synchronization circuitry 10. 
The heat energy is carried by a plurality of the optic fibers 16 
arranged in both x and y directions. The resolution of the 
character matrix can be enhanced by decreasing the fiber optic 
diameter vMle increasing the number of fiber optic strands and the 
associated laser diodes. 

Fig . 4 Ulustrates the front face or surface of a printing 
plate associated with a serial bar printer wherein all of the laser 
diodes are activated sintultaneously for printing successive bars 62 
or bar codes. The width of each bar is controlled by the length of 
tine of the activation of the laser diodes for carrying the energy 
through the fibers 16. 

Fig. 5 shows the arrangement of the fiber optic front plate 
for printing a line 64 of dots at a tine by neans of the energy 
carried through the fibers 16. The characters in a given line are 
• cQitposed row by row as the receiving document and ribbon move 
upwardly past the print station. 

The print head control and synchronization circuitry 10 
includes, as seen in Fig. 6, a power si?>ply 70 (Laser Diode Lab. 
Model IC-200) mated with a pulse generator 72 (Laser Diode Lab. 
Model LP-210) for controlling a given laser diode 12. I^hen the 
sivitch on the power supply 70 is in the EXTEmAL position, a TEL 
pulse at the desired repetition rate connected to the EXTERNAL 
TRIGGER Input will trigger the given laser diode 12. liJhen the 
switch on the paver supply 70 is in the INTERNAL position, the 
laser diode 12 is triggered at a predetermined steady rate. 

An alternative arrangement is to use Laser Diode Lab. 
Model LP-1 1 or LP-200 pulse generator connected to a DC power 
supply. In this manner the generator has a variable internal 
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repetition rate control ivhich allows selection of the rate at which 
the system triggers the laser diode or array thereof. 

Fig. 7 shows a simple circuit for a fixed repetition rate, 
wherein a 200 volt pulse is directed through a resistor 80. A 
capacitor 82 and a resistor 84 are series connected in R-C manner 
with a diode 86, In turn, connected with the emitter of a transistor 88, 
there being a resistor 90 connected to the plate. The collector of 
the transistor 88 is connected with the output of resistor 80 which 
is connected to drive the laser diode in a self -oscillating manner. 
An indicator light emitting diode 92 is connected between the 
emitter of transistor 88 and ground potential to Indicate circuit 
oscillation. 
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Claims 

1 . A non-inpact dot matrix printer for printing on a record 
roediiam (20) movable past a print head (14), including light source 
means (12) , and guide means (16) connected with said light source 
means (12) and sedd print head -14) for carrying light energy to 
said print head (14) , characterized by thermal ink bearing means (18) 
positioned, in operation, between said print head (14) and said 
record medium (20) and maintained in contact with said record 
medixan (20) , said light energy being effective to produce local 
heating of said ink bearing means (18) and transfer of ink there- 
from on to said record medium (20) • 

2. A printer according to Claim 1 , characterized by platen 
means (40) arranged opposite to said print head (14) and biased to 
maintain, in operation, said record medium (20) In contact with said 
ink bearing means (18) , and to maintain said Ink bearing means (18) 
in contact with said print head v14) . 

3. A printer according to either Claim 1 or 2, characterized 
in that said thermal ink bearing means ^18) is a heat sensitive 
ribbon. 

4. A printer according to either Claim 1 or 2, characterized 
in that said record medium (20) is a sheet of plain ^paspec. 

•»*5. A printer according to either Claim 1 or 2, characterized 

in that said light source means ;12) includes at least one laser 
diode (LD1). 

6. A printer according to either Claim 1 or 2, characterized 
In that said guide means (16) includes at least one optical fibier 

7. A printer according to either Claim 1 or 2, characterized 
/ In that said guide means (16) includes a plurality of optical 

fiber each having one end thereof connected with a corresponding 
aperture in said print head (14) , and the other end with a laser 
diode, so as to carry light energy from each laser diode to the 
corresponding aperture, said laser diode is pulsed. 

8. A printer according to dam. 7, characterized in that 
said print head (14) is iravable parallel to the line of printing 
and has a tvo dimensional array of ap er t u r e s therein to fom a 
character matrix (60) for serially printing a rov/ of characters. 
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9. A printer aocxarding to Claim 7, characterized in that said 
print head is movable parallel to the line of printing and has 
apertures therein arranged in a line extending perpendicularly to 
said line of printing for serially printing successive bars (62) 

or bar codes. 

10. A printer according to Claim 7, characterized in that said 
print head extends along the \^th of the line of printing and has 
apertures therein arranged in a line corresponding to said line of 
printing (64) for printing a matrix of characters row by row. 
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FIG. 6 











'^1 












/ \ 







INTERNAL EXTERNAL 



FIG. 7 



88-v 



90>J 
7.5KJI. 



86 




82 




80 1 

VWV 



+ 200V 



0.002|^f 



0.47JL 



